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[57] ABSTRACT 

A high temperature vacuum furnace having secured to 
the port thereof apparatus for the insertion of speci- 
mens to be tested and removal thereof from the test 
zone of the furnace. The apparatus comprises a high 
speed gate valve for isolating the interior of the fur- 
nace from an air lock chamber on the opposite side of 


the gate valve.. The air lock chamber is provided with 
valve ports connected to a vacuum source, a source of 
inert quenching gas, and the atmosphere, respectively. 
Removeably attached to the end of the air lock cham- 
ber away from the furnace is a cylindrical tube having 
disposed within it a rod carrying a specimen pan at the 
end towards the furnace and having mounted at its top 
end an annular magnet having a diameter slightly less 
than the interior diameter of the tube. The top end of 
the tube is closed by a removeable cap. Encircling the 
tube in the vicinity of the magnet is a carbon steel ring 
which when axially moved along the tube causes the 
magnet to follow it and thereby controls the position 
of the rod and specimen pan within the tube. 

In an alternative embodiment, the magnet is replaced 
by an iron slug which serves as an armature for the 
coil of the solenoid which replaces the carbon steel 
ring. 

The specimen is inserted in the furnace without 
cooling the furnace down or disturbing the vacuum by 
first removing the tube from the outer end of the air 
lock chamber, placing the material to be tested in the 
specimen pan, and replacing the tube on the outer end 
of the air lock chamber. The valve in the port 
connected to the source of the vacuum is then opened 
to bring the pressure in the air lock chamber to that of 
the furnace. The gate valve is then opened and the 
ring moved along the tube towards the furnace 
thereby moving the rod and specimen pan until the 
specimen pan is within the test zone of the furnace. 
After the completion of the test, the specimen pan is 
moved to the air lock chamber, the gate valve closed, 
the specimen cooled, and the chamber brought to 
atmospheric pressure. Optionally, the specimen may 
be quenched with inert gas. 


1 2 Claims, 2 Drawing Figures 
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APPARATUS FOR INSERTING AND REMOVING 
SPECIMENS FROM HIGH TEMPERATURE 
VACUUM FURNACES 

ORIGIN OF THE INVENTION 

The invention described herein was made by an em- 
ployee of the National Aeronautics and Space Admin- 
istration and may be manufactured and used by or for 
The Government of the United States for governmental 
purposes without the payment of any royalities thereon 
or therefor. 

BACKGROUND OF THE INVENTION 

There presently is an expanding need for economical 
ways of testing materials in a vacuum at very high tem- 
peratures. This type of testing has become particularly 
important with the advent of requirements for high 
temperatures materials for use in space vehicles and 
the like. Up to the present time, the insertion and re- 
moval of test specimens from high temperature vacuum 
furnaces, which operate at temperatures on the order 
of 3,600°F and higher, has required extremely long cy- 
cling times. Quite often the time required to cool the 
furnace down, remove the specimen from the furnace, 
replace it with another specimen, and then bring the 
furnace up to test temperature and vacuum, required 
a period of five hours or more. Removal of the speci- 
men required shutting down the furnace, bringing the 
furnace to atmospheric pressure, and then removing 
the specimen. Only then could another specimen be in- 
serted and the furnace reheated, and a vacuum drawn 
again. As indicated, this was time consuming and con- 
sequently expensive. 

The present invention is concerned with an easily op- 
erated air lock mechanism which permits specimens to 
be inserted and removed from high temperature vac- 
uum furnaces in a very short time, i.e., twenty minutes 
or less, without decreasing furnace temperature or de- 
gree of vacuum. The present invention thus provides a 
great economical saving in the operation of high tem- 
perature vacuum furnaces. 

There is no prior art known to applicant which pro- 
vides apparatus for rapidly inserting and removing test 
specimens from high temperature vacuum furnaces. 
U.S. Pat. No. 2,874,107 discloses a neutronic reactor 
having an attachment thereto for placing materials to 
be irradiated in the reactor and for removing them 
from the reactor. It is extremely complex and unsuit- 
able for utilization in high temperature vacuum fur- 
naces. 

SUMMARY OF THE INVENTION 

According to the present invention, there is provided 
an air lock mechanism which is attached to high tem- 
perature vacuum furnaces which allows a test specimen 
to be removed from the furnace and replaced by a suc- 
ceeding specimen without lowering the temperature of 
the furnace or disturbing the vacuum thereof within a 
cycling time of approximately twenty minutes. The air 
lock mechanism includes a high speed gate valve which 
is secured over the port of the furnace by a simple 
adaptor fitting, an air lock chamber mounted on the 
gate valve on the side of the valve away from the fur- 
nace, and a cylindrical tube removeably mounted on 
the outer end of the air lock chamber. The air lock 
chamber is provided with valved ports communicating 
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with a source of vacuum, a source of inert quenching 
gases, and the atmoshpere, respectively. Disposed 
within the tube that is mounted on the air lock chamber 
is a specimen pan secured to the inner end of a rod 
5 within the tube. The osition of the rod and conse- 
quently the specimen pan within the tube is magneti- 
cally controlled through means of a ring or coil sur- 
rounding the outer diameter of the tube acting in coop- 
eration with either a magnet or iron slug at the outer 
10 end of the rod. The other end of the tube is closed by 
a removeable cap. 

The specimen is inserted in the furnace by placing 
the specimen on the specimen pan following removal 
of the tube from the outer end of the air lock chamber. 
15 The tube replaced on the outer end of the air lock 
chamber and the air lock chamber is brought to a vac- 
uum equal to that within the furnace. The gate valve is 
then opened, and through magnetic means, the speci- 
men pah is moved into the test zone of the furnace by 
20 moving the rod inwardly in the tube. After completion 
of the test, the rod is withdrawn outwardly until the 
specimen is within the air lock chamber, the gate valve 
closed, and the specimen cooled down With or without 
quenching in inert gases, and the air lock chamber 
25 brought to atmospheric pressure. The specimen is then 
removed by removing the tube from the outer end of 
the air lock chamber. 

BRIEF DESCRIPTION OF THE DRAWING 

30 In the accompanying drawing: 

FIG. 1 is a side view, partially in section, of the appa- 
ratus of the present invention attached to a high tem- 
perature vacuum furnace. 

FIG. 2 is a side view, partially in section, of an alter- 
35 native embodiment of a portion of the apparatus shown 
in FIG. 1. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

Referring to FIG. 1 of the accompanying drawing, 
40 the apparatus of the present invention indicated gener- 
ally at 2 is shown attached to a high temperature vac- 
uum furnace 4. The furnace 4 has, as shown by the dot- 
ted lines, a test heating zone 8 that is located in the cen- 
ter of the furnace 4 which in the embodiment shown is 
45 cylindrical. Attached to the top 7 of the furnace by 
means of an annular flange 10 secured to the furnace 
4 by bolts 12 is a hollow cylindrical adaptor 14, the top 
of which is connected by way of flange 24 to a high 
speed gate valve indicated generally at 16. The adaptor 
50 14 fits over port 13 of the furnace 4 and is axially 
aligned therewith. The gate valve 16 may be one which 
is manually operated or preferably is a vacuum oper- 
ated valve to assure high speed operation. Pneumati- 
cally or electrically operated gate valves may also be 
utilized. The valve 16 has a cylindrical passage 18 pass- 
ing through the body of the valve which, when the valve 
16 is in the closed position, is closed by the gate 20 in- 
dicated schematically in the drawing. In the drawing, 
the actuator of the valve 16, in this case the handle, is 
u indicated at 22. Secured to the top of the valve 16 by 
means of flange 26 having a central opening 27 and 
bolted to the body of the valve 16, is a hollow cylindri- 
cal air lock section or chamber 28. The cylindrical air 
65 lock chamber 28 which is preferably made of 347 stain- 
less steel is provided with valved ports 30, 32 and 34, 
respectively, communicating with the interior of the 
chamber 28. 
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The port 30 is in turn connected to a vacuum source, 
not shown, the port 32 to a source of inert gas, not 
shown, and the port 34 connects directly with the sur- 
rounding atmosphere. The top end of the chamber 28 
is provided with an annular flange 36 having a central 
opening 37 therein. The flange 36 is in turn connected 
to a similar annular flange 38 with opening 39 at the 
base of the hollow cylinder tube 42 by bolts 40. The 
flanges 36 and 38 are sealed along their interface 41. 

As described in greater detail below, the bolts 40 may 
be removed and the flanges 36 and 38 separated to pro- 
vide for a removal of tested specimens and insertion of 
new specimens. 

Disposed axially within the tube 42 is a rod 44 having 
a specimen pan 46 connected to the bottom thereof. A 
magnet 48, just slightly less in diameter than the inter- 
nal diameter of the tube 42, is secured to the top or rod 
44. Rod 44 and specimen pan 46 may be constructed 
of any suitable high temperature resistant material as 
will be further explained hereinafter. 

A carbon steel ring 58 having an internal diameter 
only slightly larger than the external diameter of the 
tube 42 is utilized to control the axial movement of the 
rod 44. Movement of the ring 58 along the tube is fol- 
lowed by the magnet 48 which in turn moves the rod 
44 and pan 46 with the specimen. 

Attached to the upper end of the tube 42 is annular 
flange 50 having a central opening 51 therein. An an- 
nular cap 52 is held in place on the annular flange 50 
by means of studs 54. The interface of the flange 50 
and cap 52 is indicated at 56. 

Material to be tested is placed in the specimen pan 
46 after the tube 42 with rod 44 and pan 46 have been 
removed from the top of the air lock chamber 28 by un- 
bolting and separating the flanges 36 and 38. 

If desired, rather than separating flanges 36 and 38, 
the tube 42 with air chamber 28 attached to it can be 
removed from the top of the valve 16 by unbolting 
flange 26. 

As previously indicated, the position of the rod 44 
arid consequently the specimen pan 46 within the tube 
42 is controlled by moving the ring 58 axially along the 
outside of the tube 42. This in turn moves the rod 44 
as the magnet 48 follows the movement of the ring 58. 

After the specimen to be tested is placed in specimen 
pan 46, the tube 42 is secured to the top of the air lock 
chamber 28 by bolting flanges 38 and 36 together. The 
gate valve 16 is in the closed position during the pre- 
ceding operation. A vacuum is drawn on the air lock 
section 28 by opening the valve of the port 30 thus 
placing the air lock chamber in communication with 
the vacuum source. When the pressure in the air locks 
equal that in the furnace, the gate valve 16 is opened, 
the ring 58 is moved axially downwards with the mag- 
net 48 at the top of the rod 44 following until specimen 
pan 46 arrives within the test zone 8. 

Following the test period, the specimen on pan 46 is 
removed from the heat zone 8 by moving the ring 58 
axially along tube 42 away from the furnace, thus mov- 
ing the magnet 48 and consequently the rod 44 with the 
specimen pan 46 upward out of the furnace 4. When 
the pan 46 is within the air lock section 48, the move- 
ment of the ring 58 is stopped, the gate valve 16 closed, 
and the air lock chamber 28 either brought to atmo- 
spheric pressure and the specimen allowed to cool, or 


4 

if desired, the specimen may be quenched with a flow 
of inert gas such as helium or argon by opening the 
valve air port 32 and pumping in the quenching gas. 
The valve of port 30 is closed at this time. 

5 If desired, the cap 52 can be unbolted so the cap 52 
can raise slightly and allow the excess gas pressure to 
vent at the interface 56 of the cap 52 and flange 50. 

As is apparent, the apparatus of this invention per- 
mits the removal of the test specimen from the furnace 
10 without loss of pressure in the furnace or lowering of 
the temperature of the furnace. Another test specimen 
readily can be placed in the furnace by repeating the 
same procedure after removing the cooled specimen 
from the air lock chamber. This cycling can be com- 
15 pleted in most cases within twenty minutes or less. 

In FIG. 2 is shown an alternative embodiment of the 
mechanism for moving the rod holding the specimen 
pan. 

In this embodiment, the cylindrical tube is indicated 
20 at 142 within which is disposed rod 144 and specimen 
pan 146. The top flange of tube 142 is indicated at 150 
being capped by cap 152 secured by studs 154. The in- 
terface of the cap 152 and flange 150 is indicated at 
156. In this embodiment, the magnet at the top of the 
25 rod is replaced by an annular iron slug 148 to which the 
rod 146 is fixed. The iron slug 148 serves in effect as 
the armature for the solenoid, the coil windings of 
which are indicated at 158 and encircle the tube 142. 
The solenoid 158 is connected to a power source not 
30 indicated by conduit 160. The position of the specimen 
pan 146 is thus controlled by moving the solenoid coil 
158 along the tube 142, which in turn causes the arma- 
ture 148 of the solenoid to move the rod 144 within the 
tube 142 thereby controlling the position of the speci- 
35 men pan 146. 

The specimen pan and rod should be constructed of 
high temperature resistant materials such as tantalum, 
tungsten, molybdenum, graphite, or ceramic. The re- 
maining parts are generally constructed of stainless 
40 steel. The tube 42 alternatively may be constructed of 
clear quartz so that the position of the rod and speci- 
men can be followed visually. 

The present invention thus provides apparatus which 
allows test specimens to be inserted into and removed 
45 from a high temperature vacuum furnace easily and 
rapidly without interrupting the continuous operation 
of the furnace. Whereas cooling the furnace and the re- 
moval of a tested specimen and insertion of a new spec- 
imen into the furnace and returning the furnace to test 
u conditions often required five or more hours to accom- 
plish previously, with the apparatus of this invention, 
the cycling can often be completed in twenty minutes 
or less. 

55 While the invention has been explained by detailed 
3 description of certain specific embodiments, it is un- 
derstood that various modifications and substitutions 
can be made in any of them within the scope of the ap- 
pended claims which are intended also to include 
60 equivalents of such embodiments. 

What is claimed is: 

1. Apparatus for placing a specimen in a high temper- 
ature vacuum furnace and removing said specimen 
therefrom without disturbing the temperature or vac- 
65 uum of said furnace, said furnace having a port com- 
municating with a test zone in said furnace, said appa- 
ratus comprising adaptor means connecting a first side 
of a gate valve means to said port in said furnace, a sec- 
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ond and opposite side of said gate valve means con- 
nected to a first side of an air lock chamber, valved 
means associated with said air lock chamber for selec- 
tively placing said chamber in communication with a 
vacuum source, further valved means associated with 5 
said air lock chamber for selectively placing said cham- 
ber in communication with the atmosphere, an elon- 
gated hollow cylinder tube connected to the second 
and opposite side of said air lock chamber, specimen 
holder means movable by means operative from out- 10 
side of said hollow cylinder tube through said air lock 
chamber and said gate valve means when opened, and 
to and from said test zone, said specimen holder means 
including an elongated rod having a specimen pan se- 
cured to one end thereof and a magnet secured to the 1 5 
opposite end thereof and said means operative from 
outside of said hollow cylinder tube consists of a car- 
bon steel ring slidably disposed thereon. 

2. Apparatus as claimed in claim 1 wherein said gate 

valve means is a vacuum operated gate valve. 20 

3. Apparatus as claimed in claim 1 wherein said air 
lock chamber includes additional valved means for 
placing said chamber in selective communication with 
a source of inert gas. 

4. Apparatus for placing a specimen in a high temper- 25 
ature vacuum furnace and removing said specimen 
therefrom without disturbing the temperature or vac- 
uum of said furnace, said furnace having a port com- 
municating with a test zone in said furnace, said appa- 
ratus comprising adaptor means connecting a first side 30 
of a gate valve means to said port in said furnace, a sec- 
ond and opposite side of said valve means connected to 

a first side of an air lock chamber, valved means asso- 
ciated with said air lock chamber for placing said 
chamber in communication with a vacuum source, fur- 35 
ther valved means associated with said air lock cham- 
ber for placing said chamber in communication with 
the atmosphere, a hollow tube connected to the second 
and opposite side of said lock chamber, the interior of 
said tube being in communication with the interior of 40 
said air lock chamber, a rod disposed longitudinally 
within said tube, a specimen holder removeably at- 
tached to a first end of said rod, said first end being the 
end of said rod disposed towards the furnace, a cap 
closing the second end of said tube, and magnetic 45 
means for moving said rod axially within said tube, said 
magnetic means comprising ring means encircling said 
tube exteriorly thereof in the vicinity of a cooperative 
means secured to the second end of said rod, the axial 
movement of said ring means causing the axial move- 50 
ment of said rod within said tube due to magnetic 
forces to thereby move said specimen holder through 
said air lock chamber and through said gate valve 


means when opened, and to and from said test zone. 

5. Apparatus as claimed in claim 4, wherein ring 
means comprises a carbon steel ring and said coopera- 
tive means comprises a magnet. 

6. Apparatus as claimed in claim 4 wherein said ring’ 
means comprises a solenoid coil and said cooperative 
means comprises an iron slug which acts as the arma- 
ture for said solenoid coil. 

7. Apparatus as claimed in claim 4 wherein said gate 
valve means comprises a vacuum operated gate valve. 

8. Apparatus as claimed in claim 4 wherein said gate 
valve means comprises a manually operated gate valve. 

9. Apparatus as claimed in claim 4 wherein said gate 
valve means comprises a pneumatically operated gate 
valve. 

10. Apparatus as claimed in claim 4 wherein said gate 
valve means comprises an electrically operated gate 
valve. 

11. Apparatus as claimed in claim 7 wherein said air 
lock chamber includes valved means for placing said 
chamber in communication with a source of inert gas. 

12. Apparatus comprising adaptor means suitable for 
connecting a first side of a vacuum operated gate valve 
to a port of a high temperature vacuum furnace having 
a test zone therein, a second and opposite side of said 
gate valve connected to a first side of an air lock cham- 
ber, first valved means associated with said air lock 
chamber for placing said chamber in communication 
with a vacuum source, second valved means associated 
with said air lock chamber for placing said chamber in 
communication with the atmosphere, and third valved 
means associated with said air lock chamber for placing 
said chamber in communication with a source of inert 
gas, a hollow tube connected to the second and oppo- 
site side of said air lock chamber, the interior of said 
tube being in communication with the interior of said 
air lock chamber, a rod disposed longitudinally within 
said tube, a specimen holder removably attached to a 
first end of said rod, said first end being the end of said 
rod disposed towards said furnace, a cap closing the 
second end of said tube, magnetic means for moving 
said rod axially within said tube, said magnetic means 
comprising a solenoid coil encircling said tube exteri- 
orly thereof in the vicinity of an iron slug secured to the 
second end of said rod, the axial movement of said sole- 
noid coil causing the axial movement of said rod within 
said tube to thereby move said specimen holder 
through said air lock chamber and through said gate 
valve when opened, and to and from said test zone. 
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